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Abstract 
The article describes the increasing use of physical and mathematical models to describe and analyze economic 
processes based upon the analogies found between physical and economic processes during the formation of the 
Lausanne and Cambridge Schools of Economics. In brief, one of the necessary outcomes of the application 
of physical-mathematical methods in economics has been the gradual creation of conditions in basic and applied 
economic research during the course of the twentieth century, which at the turn of the millennium gave rise to 
econophysics. Contributions of the Czech School of Economics are documented, particularly the analogy between the 
length of fatigue cracks in metals exposed to periodic loads over time and the fall of market prices for commodities 
over time. 
Keywords: Econophysics, theory of elasticity, statistical mechanics, Lausanne School of Economics, Cambridge School 
of Economics.The origins of econophysics  
The term econophysics was coined as a combination of two scientific fields, economics and physics, with 
economics being the primary field of study, and physics providing mathematical and theoretical models 
which can be applied in economics. In its current stage of development, econophysics serves primarily to 
enhance economic research through methods of theoretical physics research. Methods of theoretical physics 
research are considered by many economists to be extremely simplistic, and are therefore rejected because 
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they have been developed to describe systems which do not have a great deal of self-correcting elements in 
comparison with economic systems (either micro or macro-economic). Self-correction is always understood 
in relation to initial and boundary conditions, thus self-correction may be positive or negative with regard to 
the initial state. Many economists also reject the application of theoretical physics methods in the research 
of economic systems because economic processes cannot be repeated under the exact same initial and 
boundary conditions for a given process, as is possible within a certain degree of accuracy for some cases in 
physics. Of course, economics is not the only field in which processes cannot be repeated under the exact 
same conditions. In astrophysics for example, the developmental stages in the life cycle of a single 
population of stars are not repeated under the exact same conditions. We encounter a similar situation when 
repeatedly observing the circulation configuration of the Earth’s atmosphere. Many other instances may be 
found of physical processes for which it is not possible to ensure the exact same initial and boundary 
conditions during the repetition of a certain process. It should be noted at this point that an analysis of the 
historical development of science reveals similar beginnings of what are today renowned scientific fields 
such as astrophysics, geophysics, and biophysics, as well as biomathematics, biometrics, biostatistics and 
others. Today, we are direct participants, both passive and active, in the early stages of the transition from 
clearly differentiated scientific fields to their gradual synthesis, and the unifying element in this transition is 
the language of mathematics.  
1. Econophysics in the broader sense 
The origins of econophysics can be traced to the 1870s, when methods of theoretical physics and 
mathematics were first used to describe economic phenomena and processes. The use of these methods 
however was glossed over by claims of the exclusive economic application of mathematics, gradually 
giving rise to the term mathematical economics. The use of the methodologies of mathematics and 
theoretical physics to analyze and describe economic phenomena and processes in the late 1800s is 
considered econophysics in the broader sense. In a most admirable manner economic phenomena and 
processes were described using analogies to theoretical physics, including the physical and mathematical 
significance of the differential of variables*. For example, the specific elongation of a body and Hooke’s 
law, analyzed in the elasticity theory of solids, inspired Alfred Marshall to introduce the elasticity 
of demand (Marshall, 1890). 
Biographical research of a number of major economists of this period shows that they were typically 
first educated in mathematics and/or physics. Giovanni Battista Antonelli (17. 9. 1858 – 12. 5. 1944) 
began his early studies at the Technical Institute of Leghorn and then continued to study at the University 
of Pisa where, in 1882, he received a doctorate in mathematics and in 1884 became a professor 
of mathematics. After this, he completed his engineering studies at the Polytechnic School in Milan, 
where he was awarded the title of civil engineer. Marie Esprit Léon Walras (16. 12. 1834 – 5. 1. 1910) 
studied mine engineering at École de Mines in Paris, where he acquired knowledge not only of 
mathematics and general physics, but also the statics and the dynamics of mine construction (Jaffé, 1965). 
Alfred Marshall (26. 7. 1842 – 13. 7. 1924) studied mathematics and physics at Cambridge University, 
where he also taught mathematics (Zemánek, 2006). Vilfredo Pareto (15. 7. 1848 – 19. 8. 1923) studied at 
the Polytechnic Institute of Turin, where he wrote his dissertation on the theory of elasticity „Principi 
fondamentali della teoria della elasticitá de corpi solidi in 1869 (Pareto, 1869).  
The late nineteenth century is a period in which there was a synthesis of the partial knowledge 
of economic laws formulated by the previous generation of economists, and increased attempts 
 
* In the first approximation the differential of a physical quantity is the change in the value of the physical quantity, expressed in 
the given units, which is sufficiently small to serve as a mathematical differential, and sufficiently large to be measured with 
a certain degree of accuracy. The differential of economic quantity is understood in the same manner. 
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to describe these laws using the language of physics and mathematics, comprising both the mathematical 
and physical meaning of the differential of variable quantity; the foundations of econophysics in the 
broader sense were laid and expanded. Comprehensive works of major economists were written at this 
time, such as that of Antonelli „Sulla Teoria Matematica della Economia Politica“ (published by the 
author in Pisa in 1886, translated into English in 1971 under the title „Mathematical Theory of Political 
Economy”) (Antonelli, 1886). Antonelli essentially uses the theory of vector functions of n real variables 
to describe an idealized model of a perfect market, the only components of which are buyers with real 
functions of demand and sellers with real functions of supply. In 1874 the first edition was published 
of Walras‘ work „Élements d´économie politique pure“ (Walras, 1874), translated into English under the 
title „Elements of Pure Economics, or the theory of social wealth“ (the first edition of the English 
translation was published in 1954 (Walras, 1954)). Walras‘ background in physics and mathematics is 
evident in a number of formulations which brilliantly describe analogies between physical and economic 
processes. For illustration, let us consider his analogy between a perfect competitive market and 
a machine in which friction is entirely ignored (Part II, Lesson 5, pp. 83–91 first English edition (Walras, 
1954), second English edition (Walras, 2003). Likewise, Walras‘ general equilibrium theory is based on 
an analogy with the physical concept of mechanical equilibrium. In the first edition of Marshall’s 
„Principles of Economics“, from 1890, we encounter the „elasticity of demand“, a concept founded upon 
an analogy with specific elongation and Hooke’s law. Also in Pareto’s two-volume work „Cours 
d´économie politique“, published in Lausanne from 1896 – 1897 (Pareto, 1896 – 1897), we can see the 
influence of the elasticity theory of solid bodies on the description of economic systems (Pareto, 1896).  
2. Econophysics in the broader sense – Czech contributions  
The first half of the twentieth century witnessed a deepening integration of economics, mathematics, 
and physics. At the Czech School of Economics during this time, no reliable sources have yet been found 
indicating such an interdisciplinary approach or related original work. At the end of the twentieth century 
however, we do find an economist at the Czech School of Economics whose work represents 
econophysics in the broader sense. This economist is František Drozen (born 30. 5. 1949), who was 
inspired by the work of German engineer August Wöhler (22. 6. 1819 – 21.3.1914) (Wöhler, 1855, 1870; 
Timoshenko, 1983; Schutz, 1996). From 1855 – 1871 August Wöhler examined the causes of fatigue 
cracks in the wheel shafts of railway cars and the dependence of the number of cyclic loads until axle 
fracture on stress amplitude. The graphic depiction of Wöhler’s findings in the form of Wöhler curves is 
still used today in the investigation of metal fatigue in various constructions. František Drozen 
constructed the following analogy between the process of fatigue crack growth in axles and the process 
of price reduction for goods: the immediate length m of a fatigue crack in railway axle at time t 
corresponds to the immediate price n of goods at time t. The period t of monitoring cracks in the axle is 
the product of the duration of a single cyclic load times the number of load cycles. Thus the differential 
change in the price of goods dn for time interval dt (differential change in time t) is directly proportional 
to the product of immediate price n and the differential change in time dt, just as the differential change 
dm in immediate crack length m for differential change in the number of cyclic loads dN is directly 
proportional to the product of immediate crack length m and the differential change in numbers of cyclic 
loads dN, where dN . T = dt; T is the time interval in seconds expressing the duration of one cyclic load. 
The market value of goods over time is expressed as a price n( ) at any time  . Drozen now makes the 
assumption that the instantaneous rate of reduction of the market value is directly proportionate to 
the instantaneous price of the goods (Drozen 2008). Then the deterministic differential equation of price 
which expresses this assumption is 
       
  
  =          , (1)  
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where     is a proportionality constant, and negative sign is used to indicate that   is decreasing. 
The initial condition is that over time     the market value is        . It means that the time is 
measured from the instant of purchase, i.e., when the purchase-sale transaction has been completed. This 
approach to modeling the process of falling prices for goods can be found in its final form in several 
of Drozen’s works (Drozen 1993, 1995, 2003, 2008). We know make the generalizing assumption that the 
instantaneous acceleration of reduction of the market value is directly proportionate to the instantaneous 
rate of reduction of the market value (Zeithamer 2010). Then the deterministic differential equation 
of price which expresses this assumption is 
  
     
   
 =         
  
 , (2) 
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where     is proportionality constant, and negative sign is used to indicate that  , the market value 
of goods, i.e., a price, is decreasing and the acceleration of reduction of the market value is increasing 
function of time. The initial conditions now are that over time     the market value is         and 
     
  
 =     . The more detailed approach to modeling the process of falling prices with acceleration 
can be found in the work as follows (Zeithamer 2010, 2011a, 2011 b). 
3. Econophysics in the strict sense 
Let us now briefly mention econophysics in the strict sense of the word, i.e. the approach of physicists 
to economics based upon statistical mechanics (this subject will be addressed in detail in the work 
accompanying this article). Given the scope of this article, it is not possible to present the results 
of econophysics in the broader sense during the course of the 20th century. However, it is important to 
realize that the findings of econophysics in the broader sense during this period have increasingly focused 
the attention of theoretical physicists towards economics. This has led to collaboration with economists in 
researching analogies between economic processes and physical processes addressed by statistical 
mechanics, and to research in describing macro and microeconomic processes using statistical mechanics 
methods. Statistical mechanics essentially describes the complicated variability over time of the 
configuration of a large number of subsystems, which comprise the physical system being monitored and 
which are governed by certain laws of interaction. The complexity of development over time of the 
internal structure of physical systems has its origins in the interaction and disorder of subsystems. 
Expressed economically, this is the interaction and competition of subsystems. Financial markets are 
sufficiently complicated systems to be assessed both according to their output and their internal 
structures. A large number of investors present in many various markets create the internal structure 
of the market through exchanges of stocks, bonds, commodities, and other products. Investment decisions 
change the prices of the assets being traded, and these prices in turn affect the business decisions 
of investors, and nearly all commercial transactions are recorded electronically. To facilitate the analogy 
between the development of internal structures of the market and internal structures of physical systems 
(with a great number of subsystems), we assume that a trader of a given good has three possibilities: to 
buy, sell, or not trade (Voit, 2005). This approach enables an analogy between the development of market 
structures over time and the Ising model (or Potts model). Essentially, the Ising model describes the 
interaction of the monitored physical subsystem with the entire internal structure of the physical system, 
and the response of this monitored subsystem to the existing internal structures of nearby subsystems. 
One of leading proponents of the application of statistical mechanics in economics is German physicist 
and mathematician Prof. Johannes Voit, who has comprehensively described the results of the application 
of statistical mechanics in financial markets in his book published in 2001 and in later expanded editions 
(Voit, 2001, 2003, 2005). Such analogies are the foundation of today‘s econophysics, econophysics in the 
strict sense, a new scientific branch of contemporary economics. 
4. Conclusions 
From the above it is clear that in addition to mathematics, physics has gradually explicitly and 
implicitly impacted economics, not only through its specific manner of expression used to describe 
economic phenomena and processes, but also through its methodology of theoretical research 
of phenomena and processes. This gradual process of the incorporation of physics into economics began 
with the founders of the Lausanne and Cambridge Schools of Economics, students of physics and 
mathematics who later fully devoted themselves to economic research. 
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